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(57) ABSTRACT 

A cDNA molecule corresponding to a neWly discovered 
human gene is disclosed. The neW gene, Which is frequently 
deleted in liver cancer cells and cell lines, is called the 
DLC-1 gene. Because the gene is frequently deleted in liver 
cancer cells, but present in normal cells, it is thought to act 
as a tumor suppressor. This gene is also frequently deleted 
in breast and colon cancers, and its expression is decreased 
or undetectable in many prostate and colon cancers. Also 
disclosed is the amino acid sequence of the protein encoded 
by the DLC-1 gene. Methods of using these biological 
materials in the diagnosis and treatment of hepatocellular 
cancer, breast cancer, colon cancer, prostate cancer, and 
adenocarcinomas are presented. 

5 Claims, 6 Drawing Sheets 
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DLC-l GENE DELETED IN CANCERS 

This application claims priority under 35 USC 120 
from PCT/US99/04164, ?led Feb. 25, 1999, and claims 
bene?t of US. Provisional Patent Application No. 60/075, 
952, ?led Feb. 25, 1998, Which are herein incorporated by 
reference. 

FIELD OF THE INVENTION 

The present invention relates to the cloning and sequenc 
ing of the human cDNA molecule corresponding to a neWly 
discovered gene, called DLC-1, Which is frequently deleted 
in liver, breast and colon cancer cells. In addition, loWer 
DLC-1 eXpression is frequently observed in liver, colon, and 
prostate cancer cells, compared to normal tissue. The present 
invention also relates to methods for screening and diagnosis 
of a genetic predisposition to liver cancer and other cancer 
types, and methods of gene therapy utiliZing recombinant 
DNA technologies. 

BACKGROUND OF THE INVENTION 

The isolation of genes involved in human cancer devel 
opment is critical for uncovering the molecular basis of 
cancer. One theory of cancer development holds that there 
are tumor suppressor genes in all normal cells Which, When 
they become non-functional due to mutations, cause neo 
plastic development (Knudsen et al., Cancer Res. 45 :1482, 
1985). Evidence to support this theory has been found in the 
cases of human retinoblastoma and colorectal tumors (see 
US. Pat. No. 5,330,892 and references cited therein), as Well 
as in connection With breast and ovarian cancers (see US. 
Pat. Nos. 5,693,473 and references cited therein). 
More particularly, recurrent deletions on the short arm of 

human chromosome 8 in cases of liver, breast, lung and 
prostate cancers have raised the possibility of the presence 
of tumor suppressor genes in that location. For eXample, loss 
on the short arm of chromosome 8 in prostrate cancer (PC) 
cells Was described in Brothman (Cancer Genet. Cytogenet. 
95:116—21, 1997). Similar deletions on the short arm of 
chromosome 8 also have been detected in primary hepato 
cellular cancer (HCC), non-small cell lung carcinoma 
(NSCLC) and node-negative breast carcinomas (Isola, Am. 
J. Pathol. 147:905—11, 1995; and Marchio, et al., Genes 
Chroma. Canc. 18:59—65, 1997). 

While recurrent chromosome 8 deletions in malignant 
tumors support the relevance of this lesion in 
carcinogenesis, scientists previously have been unable to 
identify the tumor suppressor genes involved in such dele 
tions. This lack of knoWledge concerning the molecular 
genetic basis of HCC, and other cancers associated With 
chromosome 8 deletions, has hampered efforts to diagnose 
the predisposition to such diseases and to develop more 
effective treatments aimed at curing genetic de?ciencies. 

Therefore, it is an object of the present invention to 
provide a human cDNA molecule corresponding to a pre 
viously unknoWn gene located on the short arm of chromo 
some 8, the deletion of Which appears to be closely associ 
ated With the development of HCC and other cancers. The 
cloning and sequencing of such a cDNA molecule enables 
neW and improved methods of diagnosis and treatment of 
such diseases. 

SUMMARY OF THE INVENTION 

The present invention discloses the discovery of neW 
human gene involved in the pathogenesis of hepatocellular 
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2 
cancer (HCC), the most common primary liver cancer, and 
one of the most common cancers in the World, With 251,000 
neW cases reported each year. (Simonetti et al., Dig. Dis. Sci. 
36:962—72, 1991; Harris et al., Cancer Cells 2:146—8, 1990; 
Marchio, et al., Genes Chroma. Cancer 18:59—65, 1997). 
More speci?cally, the present invention discloses the isola 
tion of the full length cDNA and the chromosomal local 
iZation of a neW gene Which is frequently deleted in liver 
cancer, and hence is named the DLC-1 gene. 

The full-length cDNA for DLC-1 is 3850 bp long (Seq. 
ID. No. 1), encodes a protein of 1091 amino acids (Seq. ID. 
No. 2), and Was localiZed by ?uorescence in situ hybridiZa 
tion to chromosome 8 at bands p210.3—22. Because the 
DLC-1 gene is deleted from a signi?cant percentage of 
primary HCC tumor cells and cell lines, primary breast 
cancers (BC), and colorectal cancer (CRC) cell lines, and its 
expression is decreased or not observed in a signi?cant 
percentage of HCC cell lines, CRC cell lines and prostate 
cancer (PC) cell lines, the DLC-1 gene appears to operate as 
a tumor suppressor in liver cancer and other cancers includ 
ing PC, CRC and BC. 
The object of identifying the hitherto unknoWn DLC-1 

gene has been achieved by providing an isolated human 
cDNA molecule Which is able speci?cally to correct the 
cellular defects characteristic of cells from patients With a 
deleted or mutated DLC-1 gene. Speci?cally, the invention 
provides, for the ?rst time, an isolated cDNA molecule 
Which, When transfected into cells derived from a patient 
With a deleted or mutated DLC-1 gene, can produce the 
DLC-1 protein believed to be active in suppressing HCC 
pathogenesis and other cancers, such as breast, colorectal, 
and prostate cancers. The invention encompasses the DLC-1 
cDNA molecule (derived from normal human liver cells), 
the nucleotide sequence of this cDNA, and the putative 
amino acid sequence of the DLC-1 protein encoded by this 
cDNA. 

Having herein provided the nucleotide sequence of the 
DLC-1 cDNA, correspondingly provided are the comple 
mentary DNA strands of the cDNA molecule and DNA 
molecules Which hybridiZe under stringent conditions to the 
DLC-1 cDNA molecule or its complementary strand. Such 
hybridiZing molecules include DNA molecules differing 
only by minor sequence changes, including nucleotide 
substitutions, deletions and additions. Also comprehended 
by this invention are isolated oligonucleotides comprising at 
least a segment of the cDNA molecule or its complementary 
strand, such as oligonucleotides Which may be employed as 
effective DNA hybridiZation probes or primers useful in the 
polymerase chain reaction or as hybridiZation probes. Such 
probes and primers are particularly useful in the screening 
and diagnosis of persons genetically predisposed to HCC, 
and other cancers, as the result of DLC-1 gene deletions. 

HybridiZing DNA molecules and variants on the DLC-1 
cDNAmay readily be created by standard molecular biology 
techniques. Through the manipulation of the nucleotide 
sequence of the human cDNA provided by this invention by 
standard molecular biology techniques, variants of the 
DLC-1 protein may be made Which differ in precise amino 
acid sequence from the disclosed protein yet Which maintain 
the essential characteristics of the DLC-1 protein or Which 
are selected to differ in one or more characteristics from this 
protein. Such variants are another aspect of the present 
invention. 

Also provided by the present invention are recombinant 
DNA vectors comprising the disclosed DNA molecules, and 
transgenic host cells containing such recombinant vectors. 
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Having isolated the human DLC-1 cDNA sequence, the 
genomic sequence for the gene Was determined according to 
the following method: Ahuman genomic library constructed 
using the P1 vector, pAD10SacBII, Was transferred from its 
original E coli host into a second E. coli host, strain N3516, 
folloWing procedures Well-known in the art. A positive P1 
clone containing the DLC-1 gene Was then obtained by 
performing a protocol of PCR-based P1 library screening 
(Sheperd, Proc. Nail. Acad. Sci. USA 91:2629—33, 1994; 
Neuhausen, Hum. Mol. Genet. 3:1919—26, 1994). The PCR 
primers used in this screening, designed from a genomic 
fragment isolated through Representational Difference 
Analysis (described more fully beloW), are listed beloW: 

PL7-3F 5‘ GACACCACCATCTCTGTGCTC 3‘ (Seq. 
ID. No. 7) 

PL7-3R 5‘ GCAGACTGTCCTTCGTAGTTG 3‘ (Seq. 
ID. No. 8) 

An isolated and puri?ed biological sample of this genomic 
DLC-1 gene Was deposited With the American Type Culture 
Collection (ATCC) in Manassas, Va., on Feb. 25, 1998, 
under accession number 98676. The present invention also 
provides for the use of the DLC-1 cDNA, the corresponding 
genomic gene and of the DLC-1 protein, and derivatives 
thereof, in aspects of diagnosis and treatment of HCC, and 
other cancers including, but not limited to PC, BC and CRC, 
resulting from DLC-1 deletion or mutation. 
An embodiment of the present invention is a method for 

screening a subject to determine if the subject carries a 
mutant DLC-1 gene, or if the gene has been partially or 
completely deleted, as is thought to occur in many HCC 
cases. The method comprises the steps of: providing a 
biological sample obtained from the subject, Which sample 
includes DNA or RNA, and providing an assay for detecting 
in the biological sample the presence of a mutant DLC-1 
gene, a mutant DLC-RNA, or the absence, through deletion, 
of the DLC-1 gene and corresponding RNA. 

The foregoing assay may be assembled in the form of a 
diagnostic kit and preferably comprises either: hybridiZation 
With oligonucleotides; PCR ampli?cation of the DLC-1 
gene or a part thereof using oligonucleotide primers; 
RT-PCR ampli?cation of the DLC-1 RNA or a part thereof 
using oligonucleotide primers; or direct sequencing of the 
DLC-1 gene of the subject’s genome using oligonucleotide 
primers. The ef?ciency of these molecular genetic methods 
should permit a rapid classi?cation of patients affected by 
deletions or mutations of the DLC-1 gene. 
A further aspect of the present invention is a method for 

screening a subject to assay for the presence of a mutant or 
deleted DLC-1 gene, comprising the steps of: providing a 
biological sample of the subject Which sample contains 
cellular proteins, and providing an immunoassay for quan 
titating the level of DLC-1 protein in the biological sample. 
Diagnostic methods for the detection of mutant or deleted 
DLC-1 genes made possible by this invention Will provide 
an enhanced ability to diagnose susceptibility to HCC and 
other cancers such as PC, BC and CRC. 

Another aspect of the present invention is an antibody 
preparation comprising antibodies that speci?cally detect 
the DLC-1 protein, Wherein the antibodies are selected from 
the group consisting of monoclonal antibodies and poly 
clonal antibodies. 

Those skilled in the art Will appreciate the utility of this 
invention is not limited to the speci?c experimental modes 
and materials described herein. 

The foregoing and other features and advantages of the 
invention Will become more apparent from the folloWing 
detailed description and accompanying drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a digital image of a Southern blot Which 
compares primary HCC tumor cells With healthy normal 
liver cells (N), and demonstrates a genomic deletion of the 
L7-3 clone in the HCC cells. Primary tumors 94-25T, 
95-03T and 95-06T shoWed 50% decrease of DNA intensity 
as compared With normal liver tissues. 

FIG. 2 is a digital image of a Southern blot Which 
compares representative HCC cell lines With healthy liver 
cells (NL-DNA), and demonstrates a genomic deletion of 
the L7-3 clone in 9 of 11 HCC cell lines. Cell lines 
Sk-Hep-1, PLC/PRF/5, WRL, Focus, HLF, Hep3B, Huh-7, 
Huh-6, Chang shoWed reduction of DNA intensity compared 
With human normal liver genomic DNA. 

FIG. 3 is a digital image of a Southern blot Which 
compares representative primary human breast cancers (T) 
With healthy normal blood cells (N) from the same patient, 
and demonstrates a genomic deletion of the DLC-1 gene in 
7 of 15 primary breast cancers. A representative 10 of the 15 
primary tumors are shoWn. DNA Was digested With either (a) 
BglII or (b) BamHI. Cell lines IC11T, IC12T, IC13T, IC2T, 
IC6T, and IC7T shoWed reduction of DNA intensity com 
pared With normal DNA. 

FIG. 4 is a digital image of a Southern blot Which 
compares representative human colon cancer cell lines With 
normal DNA (lane 1), and demonstrates a genomic deletion 
of the DLC-1 gene in tWo out of ?ve colon cancer cell lines. 
Cell lines SW 1116 and SW403 (lanes 5 and 6) shoWed 
reduction of DNA intensity compared With normal DNA 
(lane 1). 

FIG. 5 is a digital image of a Northern blot shoWing the 
mRNA expression of the DLC-1 gene in normal human 
tissues. The DLC-1 gene is expressed in all normal tissues 
tested as a 7.5 kb major transcript and a 4.5 kb minor 
transcript. 

FIG. 6 is a digital image of a Northern blot comparing the 
mRNA expression of DLC-1 gene in normal human tissues 
NL-RNA) and HCC cell lines. DLC-1 mRNA expression 
Was decreased or not detected in the WRL, 7703, Chang and 
Focus HCC cell lines. 

FIG. 7 is a digital image of a Northern blot comparing the 
mRNA expression of DLC-1 in normal human tissues 
(CDD33C0) and human colon cancer cell lines. DLC-1 
mRNA Was expression Was decreased or not detected in 

HCT-15, LS147T, DLD-1, HD29, SW1116, T84, SW1417, 
SW403, SW948, LS180, and SW48 cell lines. 

FIG. 8 is a digital image of a Northern blot shoWing the 
mRNA expression or DLC-1 gene in three human prostate 
cancer cell lines. DLC-1 mRNA Was not detected in the 
LN-Cap and SP3504 cell lines. 

FIG. 9 is a schematic draWing of the human DLC-1 gene. 
Exons 1—14 are represented boxes, With introns represented 
by the lines connecting the boxes. 

FIG. 10 is a schematic draWing of hoW the mouse DLC-1 
gene Was targeted using homologous recombination. The 
resulting construct can be used to generate DLC-1 homoZy 
gous knock-out mice. 

SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the 
accompanying sequence listing are shoWn using standard 
letter abbreviations for nucleotide bases, and three letter 
code for amino acids. Only one strand of each nucleic acid 
sequence is shoWn, but the complementary strand is under 
stood as included by any reference to the displayed strand. 
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Seq. ID. No. 1 is the nucleotide sequence of the human 
DLC-1 cDNA. 

Seq. ID. No. 2 is the amino acid sequence of the human 
DLC-1 protein. 

Seq. I.D. Nos. 3—4 are oligonucleotide sequences of PCR 
primers Which can be used to amplify the entire DLC-1 
cDNA molecule. 

Seq. I.D. Nos. 5—6 are oligonucleotide sequences of PCR 
primers Which can be used to amplify the open reading 
frame of the DLC-1 cDNA molecule. 

Seq. I.D. Nos. 7—8 are the oligonucleotide sequences of 
PCR primers used to screen a human genomic library. 

Seq. I.D. Nos. 9—11 are the oligonucleotide sequences of 
the primers used for 5‘ and 3‘ RACE. 

Seq. ID. No. 12 is the nucleotide sequence for the L7-3 
probe. 

Seq. ID. No. 13 is the nucleotide sequence for the P-35 
probe. 

Seq. ID. No. 14 is the nucleotide sequence for part of the 
human genomic DLC-1 sequence. 

Seq. ID. No. 15 is the nucleotide sequence for part of the 
human genomic DLC-1 sequence. 

Seq. ID. No. 16 is the nucleotide sequence for part of the 
human genomic DLC-1 sequence. 

Seq. ID. No. 17 is the nucleotide sequence for part of the 
human genomic DLC-1 sequence. 

Seq. ID. No. 18 is the nucleotide sequence for part of the 
human genomic DLC-1 sequence. 

Seq. ID. No. 19 is the nucleotide sequence for part of the 
human genomic DLC-1 sequence. 

Seq. ID. No. 20 is the nucleotide sequence for part of the 
mouse genomic DLC-1 sequence. 

Seq. ID. No. 21 is the nucleotide sequence for part of the 
mouse genomic DLC-1 sequence. 

Seq. ID. No. 22 is the nucleotide sequence for part of the 
mouse genomic DLC-1 sequence. 

Seq. ID. No. 23 is the nucleotide sequence for part of the 
mouse genomic DLC-1 sequence. 

Seq. ID. No. 24 is the nucleotide sequence for part of the 
mouse genomic DLC-1 sequence. 

Seq. ID. No. 25 is the nucleotide sequence for part of the 
mouse genomic DLC-1 sequence. 

Seq. ID. No. 26 is the nucleotide sequence for a cDNA 
fragment of the mouse DLC-1 sequence. 

Seq. ID. No. 27 is the nucleotide sequence for a cDNA 
fragment of the mouse DLC-1 sequence. 

Seq. ID. No. 28 is the nucleotide sequence for a cDNA 
fragment of the mouse DLC-1 sequence. 

Seq. ID. No. 29 is the nucleotide sequence for a cDNA 
fragment of the mouse DLC-1 sequence. 

Seq. ID. No. 30 is the nucleotide sequence for a cDNA 
fragment of the mouse DLC-1 sequence. 

Seq. ID. No. 31 is the nucleotide sequence for a cDNA 
fragment of the mouse DLC-1 sequence. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention discloses the isolation of the full 
length cDNA and the chromosomal localiZation of a neW 
gene, called the DLC-1 gene. As discussed in Examples 1—3 
beloW, deletion of the DLC-1 gene has been detected in 
about half of the primary HCC tumor cells and in a majority 
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6 
of the HCC cell lines Which Were studied. In addition, 
studies of other cancers revealed that DLC-1 Was also 
deleted in 7 of 15 primary breast cancers and in 2 of 5 CRC 
cell lines. Moreover, the DLC-1 gene Was not expressed in 
29% of HCC cell lines, 64% of CRC cell lines and 67% of 
PC cell lines. These frequent deletions suggest that the 
DLC-1 gene is a tumor suppressor gene for HCC as Well as 
PC, BC and CRC. 
The full-length cDNA for DLC-1 is 3850 bp long (Seq. 

ID. No. 1) and encodes a protein of 1091 amino acids (Seq. 
ID. No. 2). Fluorescent in situ hybridiZation has generally 
localiZed the gene on the short arm of chromosome 8 at 
bands p21.3—22. 

Further evidence that the DLC-1 gene acts as a tumor 
suppressor is found in its 86% homology With the rat p122 
RhoGAP gene (Homma and Emori, EMBO. J. 14:286—91, 
1995). The rat p122 RhoGAP gene encodes a GTPase 
activating protein that catalyZes the conversion of the active 
GTP-bound Rho complex to an inactive GDP-bound one. 
The Rho family proteins, a subfamily of the Ras small GTP 
binding superfamily, function as important regulators in the 
organiZation of actin cytoskeleton (Nobes, et al., Cell 
81:53—62, 1995). Rho proteins are also involved in Ras 
mediated oncogenic transformation (Khosravi-Far, et al., 
Adv. Cancer Res. 69:59—105, 1997). GAP genes may func 
tion as tumor suppressors by doWn-regulating oncogenic 
Rho proteins (Quilliam, et al. Bioessays 17:395—404, 1995; 
Wang, et al., Cancer Res. 57:2478—84, 1997). Based on its 
substantial homology With the rat p122 RhoGAP gene, it 
appears likely the DLC-1 gene is a human RhoGAP gene 
involved in the suppression of HCC tumors. 

De?nitions 

In order to facilitate revieW of the various embodiments of 
the invention, the folloWing de?nition of terms is provided: 

Breast Carcinoma (BC): breast cancer thought to result, in 
some instances, from the deletion or mutation of the DLC-1 
tumor suppressor gene. 

cDNA (complementary DNA): a piece of DNA lacking 
internal, non-coding segments (introns) and regulatory 
sequences Which determine transcription. cDNA is synthe 
siZed in the laboratory by reverse transcription from mes 
senger RNA extracted from cells. 

Colorectal Carcinoma (CRC): colorectal cancer (such as 
adenocarcinoma) thought to result, in some instances, from 
the deletion or mutation of the DLC-1 tumor suppressor 
gene. 

Deletion: the removal of a sequence of DNA, the regions 
on either side being joined together. 
DLC-1 gene: a gene, the mutation of Which is associated 

With hepatocellular, breast, colon and prostate carcinomas, 
and particularly adenocarcinomas of those organs A muta 
tion of the DLC-1 gene may include nucleotide sequence 
changes: additions or deletions, including deletion of large 
portions or all of the DLC-1 gene. The term “DLC-1 gene” 
is understood to include the various sequence polymor 
phisms and allelic variations that exist Within the population. 
This term relates primarily to an isolated coding sequence, 
but can also include some or all of the ?anking regulatory 
elements and/or intron sequences. 
DLC-1 cDNA: a mammalian cDNA molecule Which, 

When transfected into DLC-1 cells, expresses the DLC-1 
protein. The DLC-1 cDNA can be derived by reverse 
transcription from the mRNA encoded by the DLC-1 gene 
and lacks internal non-coding segments and transcription 
regulatory sequences present in the DLC-1 gene. 
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DLC-1 protein: the protein encoded by the DLC-1 cDNA, 
the altered expression or mutation of Which can predispose 
to the development of certain cancers, such as hepatocellular 
carcinoma. This de?nition is understood to include the 
various sequence polymorphisms that exist, Wherein amino 
acid substitutions in the protein sequence do not affect the 
essential functions of the protein. 
DNA: deoxyribonucleic acid. DNA is a long chain poly 

mer Which comprises the genetic material of most living 
organisms (some viruses have genes comprising ribonucleic 
acid (RNA)). The repeating units in DNA polymers are four 
different nucleotides, each of Which comprises one of the 
four bases, adenine, guanine, cytosine and thymine bound to 
a deoxyribose sugar to Which a phosphate group is attached. 
Triplets of nucleotides, referred to as codons, in DNA 
molecules code for amino acid in a polypeptide. The term 
codon is also used for the corresponding (and 
complementary) sequences of three nucleotides in the 
mRNA into Which the DNA sequence is transcribed. 

Hepatocellular carcinoma (HCC): liver cancer thought to 
result, in some instances, from the deletion or mutation of 
the DLC-1 tumor suppressor gene. 

Isolated: requires that the material be removed from its 
original environment. For example, a naturally occurring 
DNA molecule present in a living animal is not isolated, but 
the same DNA molecule, separated from some or all of the 
coexisting materials in the natural system, is isolated. 

Mutant DLC-1 gene: a mutant form of the DLC-1 gene 
Which in some embodiments is associated With 
hepatocellular, breast, colon and/or prostate carcinoma. 

Mutant DLC-1 RNA: the RNA transcribed from a mutant 
DLC-1 gene. 

Mutant DLC-1 protein: the protein encoded by a mutant 
DLC-1 gene. 

Oligonucleotide: A linear polynucleotide sequence of up 
to about 200 nucleotide bases in length, for example a 
polynucleotide (such as DNA or RNA) Which is at least 6 
nucleotides, for example at least 15, 50, 100 or even 200 
nucleotides long. 

ORF: open reading frame. Contains a series of nucleotide 
triplets (codons) coding for amino acids Without any termi 
nation codons. These sequences are usually translatable into 
protein. 

PCR: polymerase chain reaction. Describes a technique in 
Which cycles of denaturation, annealing With primer, and 
then extension With DNA polymerase are used to amplify 
the number of copies of a target DNA sequence. 

Pharmaceutically acceptable carriers: The pharmaceuti 
cally acceptable carriers useful in this invention are conven 
tional. Remington’s Pharmaceutical Sciences, by E. W. 
Martin, Mack Publishing Co., Easton, Pa., 15th Edition 
(1975), describes compositions and formulations suitable for 
pharmaceutical delivery of the fusion proteins herein dis 
closed. 

In general, the nature of the carrier Will depend on the 
particular mode of administration being employed. For 
instance, parenteral formulations usually comprise inject 
able ?uids that include pharmaceutically and physiologi 
cally acceptable ?uids such as Water, physiological saline, 
balanced salt solutions, aqueous dextrose, glycerol or the 
like as a vehicle. For solid compositions (e.g., poWder, pill, 
tablet, or capsule forms), conventional non-toxic solid car 
riers can include, for example, pharmaceutical grades of 
mannitol, lactose, starch, or magnesium stearate. In addition 
to biologically-neutral carriers, pharmaceutical composi 
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tions to be administered can contain minor amounts of 
non-toxic auxiliary substances, such as Wetting or emulsi 
fying agents, preservatives, and pH buffering agents and the 
like, for example sodium acetate or sorbitan monolaurate. 

Probes and primers: Nucleic acid probes and primers may 
readily be prepared based on the nucleic acids provided by 
this invention. A probe comprises an isolated nucleic acid 
attached to a detectable label or reporter molecule. Typical 
labels include radioactive isotopes, ligands, chemilumines 
cent agents, and enZymes. Methods for labeling and guid 
ance in the choice of labels appropriate for various purposes 
are discussed, e.g., in Sambrook et al. (Molecular Cloning: 
A Laboratory Manual, Cold Spring Harbor, NY, 1989) and 
Ausubel et al. (Current Protocols in Molecular Biology, 
Greene Publishing Associates and Wiley-Intersciences, 
1987). 

Primers are short nucleic acids, for example DNA oligo 
nucleotides 15 nucleotides or more in length. Primers may 
be annealed to a complementary target DNA strand by 
nucleic acid hybridiZation to form a hybrid betWeen the 
primer and the target DNA strand, and then extended along 
the target DNA strand by a DNA polymerase enZyme. 
Primer pairs can be used for ampli?cation of a nucleic acid 
sequence, e.g., by the polymerase chain reaction (PCR) or 
other nucleic-acid ampli?cation methods knoWn in the art. 
Methods for preparing and using probes and primers are 

described, for example, in Sambrook et al. (Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor, NY, 
1989), Ausubel et al (Current Protocols in Molecular 
Biology, Greene Publishing Associates and Wiley 
Intersciences, 1987), and Innis et al., (PCR Protocols, A 
Guide to Methods and Applications, Innis et al. (eds.), 
Academic Press, Inc., San Diego, Calif., 1990). PCR primer 
pairs can be derived from a knoWn sequence, for example, 
by using computer programs intended for that purpose such 
as Primer (Version 0.5, © 1991, Whitehead Institute for 
Biomedical Research, Cambridge, Mass.). 

Prostate Carcinoma (PC): prostate cancer (such as pros 
tatic adenocarcinoma) thought to result, in some instances, 
from the deletion or mutation of the DLC-1 tumor suppres 
sor gene. 

Protein: a biological molecule expressed by a gene and 
comprised of amino acids. 

Puri?ed: the term “puri?ed” does not require absolute 
purity; rather, it is intended as a relative term. Thus, for 
example, a puri?ed protein preparation is one in Which the 
protein referred to is more pure than the protein in its natural 
environment Within a cell. 

Recombinant: A recombinant nucleic acid is one that has 
a sequence that is not naturally occurring or has a sequence 
that is made by an arti?cial combination of tWo otherWise 
separated segments of sequence. This arti?cial combination 
is often accomplished by chemical synthesis or, more 
commonly, by the arti?cial manipulation of isolated seg 
ments of nucleic acids, e.g., by genetic engineering tech 
niques. 

Representational Difference Analysis (RDA): a PCR 
based subtractive hybridiZation technique used to identify 
differences in the mRNA transcripts present in closely 
related cell lines. 

Sequence identity: the similarity betWeen tWo nucleic acid 
sequences, or tWo amino acid sequences, is expressed in 
terms of the similarity betWeen the sequences, otherWise 
referred to as sequence identity. Sequence identity is fre 
quently measured in terms of percentage identity (or simi 
larity or homology); the higher the percentage, the more 
similar are the tWo sequences. 
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Methods of alignment of sequences for comparison are 
Well-knoWn in the art. Various programs and alignment 
algorithms are described in: Smith and Waterman,Adv. Appl. 
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Bio. 
48:443, 1970. Pearson and Lipman, Methods in Mol. Biol. 
24: 307—31, 1988; Higgins and Sharp, Gene 73:237—44, 
1988; Higgins and Sharp, CABIOS 5:151—3, 1989; Corpet et 
al., Nuc. Acids Res. 16:10881—90, 1988; Huang et al., Comp. 
Appl. BioSci. 8:155—65, 1992; and Pearson et al.,Meth. Mol. 
Biol. 24:307—31, 1994. 

The NCBI Basic Local Alignment Search Tool (BLAST) 
(Altschul et al., J. Mol. Biol. 215 :403—10, 1990) is available 
from several sources, including the National Center for 
Biological Information (NBCl, Bethesda, Md.) and on the 
Internet, for use in connection With the sequence analysis 
programs blastp, blasm, blastx, tblastn and tblastx. It can be 
accessed at http://WWW.ncbi.nlm.nih.gov/BLAST/. A 
description of hoW to determine sequence identity using this 
program is available at http://WWW.ncbi.nlm.nih.gov/ 
BLAST/blastihelphtml. 
Homologs of the DLC-1 protein are typically character 

iZed by possession of at least 70% sequence identity counted 
over the full length alignment With the disclosed amino acid 
sequence using the NCBI Blast 2.0, gapped blastp set to 
default parameters. Such homologous peptides Will more 
preferably possess at least 75%, more preferably at least 
80% and still more preferably at least 90% or 95% sequence 
identity determined by this method. When less than the 
entire sequence is being compared for sequence identity, 
homologs Will possess at least 75% and more preferably at 
least 85% and more preferably still at least 90% or 95% 
sequence identity over short WindoWs of 10—20 amino acids. 
Methods for determining sequence identity over such short 
WindoWs are described at http://WWW.ncbi.nlm.nih.gov/ 
BLAST/blastiFAQshtml. One of skill in the art Will appre 
ciate that these sequence identity ranges are provided for 
guidance only; it is entirely possible that strongly signi?cant 
homologs or other variants could be obtained that fall 
outside of the ranges provided. 

The present invention provides not only the peptide 
homologs that are described above, but also nucleic acid 
molecules that encode such homologs. 

Transformed: A transformed cell is a cell into Which has 
been introduced a nucleic acid molecule by molecular 
biology techniques. As used herein, the term transformation 
encompasses all techniques by Which a nucleic acid mol 
ecule might be introduced into such a cell, including trans 
fection With viral vectors, transformation With plasmid 
vectors, and introduction of naked DNA by electroporation, 
lipofection, and particle gun acceleration. 

Vector. A nucleic acid molecule as introduced into a host 
cell, thereby producing a transformed host cell. A vector 
may include nucleic acid sequences that permit it to replicate 
in a host cell, such as an origin of replication. Avector may 
also include one or more selectable marker genes and other 
genetic elements knoWn in the art. 
VNTR probes: Variable Number of Tandem Repeat 

probes. These are highly polymorphic DNA markers for 
human chromosomes. The polymorphism is due to variation 
in the number of tandem repeats of a short DNA sequence. 
Use of these probes enables the DNA of an individual to be 
distinguished from that derived from another individual. 

Tumor: a neoplasm. 
Neoplasm: abnormal groWth of cells. 
Cancer: malignant neoplasm that has undergone charac 

teristic anaplasia With loss of differentiation, increased rate 
of groWth, invasion of surrounding tissue, and is capable of 
metastasis. 
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Malignant: cells Which have the properties of anaplasia 

invasion and metastasis. 

Normal cells: Non-tumor, non-malignant cells. 
Mammal: This term includes both human and non-human 

mammals. Similarly, the term “patient” includes both human 
and veterinary subjects. 

Animal: Living multicellular vertebrate organisms, a cat 
egory Which includes, for example, mammals and birds. 

Transgenic Cell: transformed cells Which contain foreign, 
non-native DNA. 

Additional de?nitions of common terms in molecular 
biology may be found in LeWin, B. “Genes V” published by 
Oxford University Press. 

Materials and Methods 
Primary HCC Samples and HCC Cell Lines 

All of the primary liver tumor DNAs Were obtained from 
surgical resection of HCC tissues from patients in Qidong, 
China. Each tumor sample Was matched With its surrounding 
non-cancerous liver tissue. DNAs Were extracted after diag 
nosis of HCC With or Without cirrhosis. The tumors Were 
Hepatitis B virus (HBV) positive for HBVsAg and/or PCR 
detection of HBVx gene. HCC cell lines Were obtained from 
ATCC (Manassas, Va.), Qidong Liver Cancer Institute, 
China, and Dr. Curtis C. Harris (Laboratory of Human 
Carcinogenesis, Division of Basic Sciences, National Can 
cer Institute) (Wang, et at., Chin. J. Oncol. 3:241—4, 1981). 
Breast, Prostate and Colorectal Carcinomas 

All normal and CRC (adenocarcinomas) cell lines Were 
purchased from ATCC (Manassas, Va.). The PC cell lines 
(also adenocarcinomas) Were obtained from The University 
of Texas MD. Anderson Cancer Center (Houston, TX). The 
DNA from primary breast carcinomas and blood cells Were 
obtained from patients in Iceland. 
Manipulation of Genetic Material 

Unless otherWise speci?ed, manipulation of genetic mate 
rial Was performed according to standard laboratory 
procedures, such as those described in Sambrook et al. 
(Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY, 1989) and Ausubel et al. (Current Protocols in 
Molecular Biology, Greene Publishing Associates and 
Wiley-Intersciences, 1987). 
Representational Difference Analysis (RDA) 
One primary HCC, having a homoZygous point mutation 

of the p53 gene, but not in its surrounding, non-cancerous 
liver tissue, Was selected for analysis. RDA Was performed 
as originally described in Lisitsyn et al. (Proc. Natl. Acad. 
Sci. USA 92:151—5, 1995), With tumor DNA as tester and 
normal liver DNA as driver. BgIII (Promega, Madison, Wis.) 
Was chosen as the restriction enZyme and its adaptors Were 
used for direct preparation of amplicons and PCR-based 
subtractive hybridiZation. The ?nal difference products 
shoWing distinct bands in agarose gel Were recovered after 
BgIII digestion and ligated into the BgIII site of dephos 
phorylated pSP72 vector (Promega). The recombinant dif 
ference products Were then transfected into E. coli DH10B. 
CharacteriZation of RDA Probes 

Plasmids With distinct DNA inserts Were selected for 
further analysis. DNA sequencing Was performed using the 
Dye Terminator Cycle DNA Sequencing kit (Perkin Elmer, 
Rockville, Md.). Sequencing reaction products Were puri?ed 
by spin columns (Princeton Separations, Adelphia, N.J.), 
and run on a 377 DNA Sequencer (Perkin Elmer/Applied 
Biosystems, Foster City, Calif.). The homology analysis Was 
carried out by BLAST search of the GenBank DNA data 
bases (Altschul, et al.,J. Mol. Biol. 215:403—10, 1990). The 
RDAproducts that elicited signi?cant homology or appeared 
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in multiple clones, Were selected for further Southern blot 
and/or Northern blot analysis. 
Conditions for Southern Analysis 
Genomic DNA Was isolated from tumor and non-tumor 

cell lysates and digested With restriction enzymes. The 
digested DNA Was separated by electrophoresis in a 1% 
agarose gel and transferred to nylon membrane for hybrid 
ization. 50 ng of DNA probe Was radio-labeled (Prime-It 
RmT, Stratagene) as per the manufacturers instructions and 
used for hybridization. Aprobe for beta-actin Was used as a 
standard to control for the amount of DNA loaded. Hybrid 
ization Was performed at 68° C. for 24 hours using Quick 
hybrid solution (Stratagene). FolloWing hybridization, the 
membranes Were Washed three times at 37° C. for 10 min in 
1><SSC solution containing 0.1><SDS. This Was folloWed by 
a single Wash at 62° C. for 30 min in 0.1><SSC solution 
containing 0.1><SDS. Blots Were exposed to a 
Phospholmager, and analyzed using SoftWare ImageQuant 
Version 3.3 (Molecular Dynamics, Sunnyvale, Calif.) for 
quantitative analysis. 
Conditions for Northern Analysis 

Total RNA Was extracted from cell lysates using TRIzol 
solution (Gibco-BRL), Which Was then separated in a 1% 
agarose gel and transferred to nylon membrane for hybrid 
ization. 50 ng of DNA probe Was radio-labeled (Prime-It 
RmT, Stratagene) as per the manufacturers instructions and 
used for hybridization. A probe for GAPDH or beta-actin 
Was used as a control for the amount of RNA loaded. 
Hybridization, Washing, and analysis Was performed as 
described above for Southern Hybridization. 
5‘ and 3‘ RACE and cDNA Library Screening for cDNA 
Cloning 

5‘ and 3‘ RACE (Rapid Ampli?cation of cDNA Ends) 
Were started from a deleted fragment detected With RDA, 
and performed using human placenta MarathonTM cDNA as 
template (Clontech, Inc., Palo Alto, Calif.). The primers 
used for RACE, generated from the L7-3 sequence (Seq. 
ID. No. 12), are as folloWs: 
PrRACE5: 5‘ CACTCCGGTCCTTGTAGTCTGGAACC 

3‘ (Seq. ID. No. 9) Was used for the ?rst round of PCR for 
5‘ RACE. 
PrRACE5N: 5‘ AT CCTCTTCATGAACTCGGGCACGG 

3‘ (Seq. ID. No. 10) Was used as the nested primer in the 
second round of 5‘ RACE. 
PrRACE3: 5‘ GATCAAGGTTCTAGACTACAAG 

GACCG 3‘ (Seq. ID. No. 11) Was used for 3‘ RACE. 
The ?nal 5‘ RACE product, exhibiting the same band 

pattern as the deleted fragment in Northern blot 
hybridization, Was labeled With ot-[32P]-dCTP to screen a 5‘ 
Strech cDNA library constructed from human lung tissue 
(Clontech, Inc.). The lambda DNA of positive clones Was 
converted into plasmid DNA by transfecting lambda DNA 
into AM1 bacterial cells. The full-length cDNA sequencing 
of positive clones Was completed by primer Walking and 
assembled by SequencherTM 3.1 program. 
Fluorescence in situ Hybridization (FISH) Gene Mapping 
and Comparative Genomic Hybridization (CGH) 
A genomic probe isolated from human P1 library Was 

labeled With biotin and used for FISH chromosomal local 
ization and CGH analysis. For both analyses, chromosomes 
prepared from methotrexate-synchronized normal periph 
eral lymphocyte cultures Were used. The original CGH 
protocol, described in Kallioniemi et al. (Science 
258:818—21, 1992), Was employed With minor modi?ca 
tions. The conditions of hybridization, the detection of 
hybridization signals, digital-image acquisition, processing 
and analysis, and direct ?uorescent signal localization on 
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banded chromosomes Were performed as previously 
described in Zimonjic et al. (Cancer Genet. Cytogenet. 
80:100—2, 1995). 
The folloWing examples are illustrative of the scope of the 

present invention. 

EXAMPLE 1 

Detection or DLC-1 Deletion in Liver Cancer Cells 
by RDA 

Primary HCC tumor samples, matched With surrounding 
non-cancerous liver tissue, Were obtained as described 
above and analyzed by RDA. Several RDA difference prod 
ucts Were observed after the third round of hybridization/ 
selection as distinct bands in agarose gel. TWenty individual 
fragments Were isolated and analyzed by Southern blot 
hybridization for deletions. One clone, L7-3, of 600 bp (Seq. 
ID. No. 12), shoWed loss of heterozygosity (LOH) in the 
primary tumor (FIG. 1). BLAST search revealed that the 
L7-3 clone had homology to rat p122 RhoGAP cDNA 
(Homma and Emori, EMBO. J. 14:28691, 1995). 

EXAMPLE 2 

Southern Analysis 
HCC Cell Lines 

To determine if the L7-3 clone is represented in a region 
recurrently deleted in HCC, 15 primary HCC tumors and 11 
HCC-derived cell lines Were examined using Southern 
analysis as described above. The DNA Was digested With 
BglII, and probed With L7-3 (Seq. ID. No. 12). Seven of the 
?fteen primary HCC tumors (representatives are shoWn in 
FIG. 1) and 9 of the 11 HCC cell lines (FIG. 2) hid a 
genomic deletion of thee L7-3 clone compared to no dele 
tions in the normal liver cells. 
Primary Breast Carcinomas 

Using Southern analysis as described above, primary 
human breast cancer and corresponding patient blood cell 
DNAWas digested With BglII (FIG. 3a) or BamHI (FIG. 3b) 
and probed With full-length DLC-1 cDNA (Seq. ID. No. 1). 
Genomic deletions of DLC-1 gene Were detected in 7 of 15 
human primary breast cancers (representatives are shoWn in 
FIG. 3). Deletions Were noted if the DNA intensity of the 
tumor tissues exhibited at least half the intensity When 
compared With their normal tissue DNA. Samples IC11T, 
IC12T, IC13T, IC2T, IC6T, IC7Tare representative for the 
genomic deletions in these experiments. 

Southern analysis of these cells resulted in several bands. 
As a control for DNA loading, the bands that remained 
unchanged in the tumor cells Were used. 
Colon Carcinoma Cell Lines 

Using Southern analysis as described above, normal 
genomic DNA (Promega) and the DNA from ?ve CRC cell 
lines Were digested With EcoRI, and probed With a mixture 
of L7-3 and P-(Seq. I.D. Nos. 12 and 13) Which correspond 
to exon 2 and exon 7 of the human DLC-1 gene (see FIG. 
9), respectively. Genomic deletions of DLC-1 gene Were 
detected in tWo of ?ve human CRC cell lines (FIG. 4). Cell 
lines SW403 and SW1116 shoWed half of the DNA intensity 
for probe P-35 When compared With normal genomic DNA 
(compare lanes 5 and 6 With lane 1). Interestingly, the signal 
Was unaltered When the L7-3 probe Was used, indicating that 
this region (exon 2) is not responsible for the development 
of CRC in these cell lines. Therefore, the signal from L7-3 
can be used as an internal control for the amount of DNA 
loaded. 
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EXAMPLE 3 

Northern Analysis 
HCC Cell Lines 

Considering the signi?cant DNA sequence homology of 
the L7-3 clone With rat RhoGAP cDNA, its mRNA expres 
sion Was examined in both normal human tissues and 
HCC-derived cell lines by Northern analysis as described 
above. Analysis of mRNA isolated from several normal 
human tissues, including liver, demonstrated that the L7-3 
clone (Seq. ID. No. 12) hybridized to a 7.5 kb (major) 
transcript and a 4.5 kb (minor) transcript (FIG. 5) that Were 
detected in all normal tissues but not in 4(WRL, 7703, 
Chang and Focus) out of-14 human HCC-derived cell lines 
(FIG. 6). 
Colorectal Carcinomas 

Using Northern analysis as described above, RNA from 
normal and CRC cell lines Was prepared and probed With the 
full-length DLC-1 cDNA (Seq. ID. No. 1). In human CRC 
cell lines, II out of 17 (HCT-15, LS147T, DLD-1, HD29, 
SW1116, T84, SW1417, SW403, SW948, LS180, SW48) 
shoWed noticeably decreased or no expression of DLC-1 
mRNA (FIG. 7). In this experiment, the normal human colon 
?broblast cell line CDD33C0 Was used as a normal control. 
Prostate Carcinomas 

Using Northern analysis as described above, RNA from 
PC cell lines Was prepared and probed With the full-length 
DLC-1 cDNA (Seq. ID. No. 1). LoW levels or no DLC-1 
gene expression Was demonstrated by in tWo (LN-Cap and 
SP3504) out of three human PC cell lines (FIG. 8). 

EXAMPLE 4 

Obtaining the DLC-1 cDNA 

The cDNA for the clone L7-3 Was obtained by 5‘ RACE 
and 3‘ RACE coupled With cDNA library screening as 
described above. The full-length cDNA of DLC-1 gene is 
3850 bp long (Seq. ID. No. 1) and encodes a protein of 1091 
amino acids (Seq. ID. No. 2). The estimated molecular 
Weight of DLC-1 protein is 125 kD. The untranslated 
regions of 5‘ end and 3‘ end of DLC-1 gene are 324 bp and 
250 bp, respectively (Seq. ID. No. 1). 

EXAMPLE 5 

Chromosomal Localization of Human DLC-1 

The DLC-1 gene Was chromosomally localiZed using the 
materials and methods described above. The majority of 
metaphases hybridiZed With biotin or digoxigenin-labeled 
genomic probe had ?uorescent signal at identical sites on 
both chromatids of the short arm of chromosome 8. The 
signal Was analyZed in 100 metaphases With both homolo 
gous labeled. Fifty metaphases Were examined by imaging 
of DAPI generated and enhanced G-like banding. The 
?uorescent signals Were distributed Within region 8p21—22 
HoWever, over 50% of doublets Were at bands 8p21.3—22, 
the most likely location of the DLC-1 gene. 

To further characteriZe the region harboring the DLC-1 
gene, the primary tumor DNA used as tester in RDA 
(94-25T) Was analyZed by CGH. The ?uorescence pro?le for 
chromosome 8 demonstrated DNA loss on region of 
8p23—q11.2 and gain on region of 8q21.1—q24.3. 

EXAMPLE 6 

Cloning and CharacteriZation of Human DLC-1 

The DLC-1 cDNA sequence (Seq. ID. No. 1) described 
above does not contain the introns, upstream transcriptional 
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promoter or regulatory regions or doWnstream transcrip 
tional regulatory regions of the DLC-1 gene. Its possible that 
some mutations in the DLC-1 gene that may lead to HCC are 
not included in the cDNA but rather are located in other 
regions of the DLC-1 gene. Mutations located outside of the 
open reading frame that encodes the DLC-1 protein are not 
likely to affect the functional activity of the protein but 
rather are likely to result in altered levels of the protein in the 
cell. For example, mutations in the promoter region of the 
DLC-1 gene may prevent transcription of the gene and 
therefore lead to the complete absence of the DLC-1 protein 
in the cell. 

Additionally, mutations Within intron sequences in the 
genomic gene may also prevent expression of the DLC-1 
protein. FolloWing transcription of a gene containing 
introns, the intron sequences are removed from the RNA 
molecule in a process termed splicing prior to translation of 
the RNA molecule Which results in production of the 
encoded protein. When the RNA molecule is spliced to 
remove the introns, the cellular enZymes that perform the 
splicing function recogniZe sequences around the intron/ 
exon border and in this manner recogniZe the appropriate 
splice sites. If there is a mutation Within the sequence of the 
intron close to the junction of the intron With an exon, the 
enZymes may not recogniZe the junction and may fail to 
remove the intron. If this occurs, the encoded protein Will 
likely be defective. Thus, mutations inside the intron 
sequences Within the DLC-1 gene (termed “splice site 
mutations”) may also lead to the development of HCC. 
HoWever, knoWledge of the exon structure and intronic 
splice site sequences of the DLC-1 gene is required to de?ne 
the molecular basis of these abnormalities. The provision 
herein of the DLC-1 cDNA sequence (Seq. ID. No. 1) 
enables the cloning of the entire DLC-1 gene (including the 
promoter and other regulatory regions and the intron 
sequences) and the determination of its nucleotide sequence. 
With this information in hand, diagnosis of a genetic pre 
disposition to HCC and other cancers based on DNA analy 
sis Will comprehend all possible mutagenic events at the 
DLC-1 locus. 
The ATCC deposit (98676) of the genomic DLC-1 gene 

may be utiliZed in aspects of the present invention. 
Alternatively, the DLC-1 gene may be isolated by one or 
more routine procedures, including PCR-based screening of 
a human genomic P1 library as described above. 
Alternatively, the method described in WO 93/22435 can be 
utiliZed. For example, a YAC library of human genomic 
sequences (Monaco and Lehrach, Proc. Natl. Acad. Sci. 
USA. 88:4123—7, 1991) is screened for the DLC-1 gene by 
the polymerase chain reaction (PCR). The library is arranged 
in a number (e.g., 39) of primary DNA pools, prepared from 
high-density grids each containing around 300—400 YAC 
clones. Primary pools are screened by PCR to identify a pool 
Which contains a positive clone. A secondary PCR screen is 
then performed on the appropriate set of eight roW and 12 
column pools, as described by Bentley et al. (Genomics 
12:534—41, 1992). PCR primers based on the DLC-1 cDNA 
sequence are used as a sequence tagged site (STS) for the 3‘ 
region of the gene. The yeast DNA is then ampli?ed With 
these primers by PCR for 30 cycles of 94° C. for 1 minute, 
60° C. for 1 minute and 72° C. for 1 minute, With a ?nal 5 
minute extension at 72° C. Con?rmation that positive YAC 
clones contain the majority of the coding sequence of the 
DLC-1 genomic gene is obtained by ampli?cation of an STS 
from the 5‘ end of the cDNA. Exon boundaries of the DLC-1 
gene are then characteriZed, e.g., by the vectorette PCR 
method. This strategy has been described in detail previ 
ously (Roberts et al., Genomics 13:942—50, 1992). 
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With the sequences of the DLC-1 cDNA and DLC-1 gene 
in hand, primers derived from these sequences may be used 
in diagnostic tests (described below) to determine the pres 
ence of mutations in any part of the genomic DLC-1 gene of 
a patient. Such primers Will be oligonucleotides comprising 
a fragment of sequence from the DLC-1 gene (either intron 
sequence, exon sequence or a sequence spanning an intron 
exon boundary) and Will comprise at least 15 consecutive 
nucleotides of the DLC-1 cDNA or gene. It Will be appre 
ciated that greater speci?city may be achieved by using 
primers of greater lenghts. Thus, in order to obtain enhanced 
speci?city, the primers used may comprise 20, 25, 30 or 
even 50 consecutive nucleotides of the DLC-1 cDNA or 
gene. Furthermore, With the provision of the DLC-1 intron 
sequence information the analysis of a large and as yet 
untapped source of patient material for mutations Will noW 
be possible using methods such as chemical cleavage of 
mismatches (Cotton et al., Proc Natl Acad Sci USA. 
85:4397—401, 1988; Montandon et al., Nucleic Acids Res. 
9:3347—58, 1989) and single-strand conformational poly 
morphism analysis (Orita et al., Genomics 5 :874—879, 
1989). 

Additional experiments may noW be performed to identify 
and characteriZe regulatory elements ?anking the DLC-1 
gene. These regulatory elements may be characteriZed by 
standard techniques including deletion analyses Wherein 
successive nucleotides of a putative regulatory region are 
removed and the effect of the deletions are studied by either 
transient or long-term expression analyses experiments. The 
identi?cation and characteriZation of regulatory elements 
?anking the genomic DLC-1 gene may be made by func 
tional experimentation (deletion analyses, etc.) in mamma 
lian cells by either transient or long-term expression analy 
ses. 

Having provided a genomic clone for the human DLC-1 
gene (Seq. I.D. Nos. 14—19), it Will be apparent to one 
skilled in the art that either the genomic clone or the cDNA 
or sequences derived from these clones may be utiliZed in 
applications of this invention, including but not limited to, 
studies of the expression of the DLC-1 gene, studies of the 
function of the DLC-1 protein, the generation of antibodies 
to the DLC-1 protein diagnosis and therapy of DLC-1 
deleted or mutated patients to prevent or treat the onset of 
HCC. Descriptions of applications describing the use of 
DLC-1 cDNA are therefore intended to comprehend the use 
of the genomic DLC-1 gene. It Will also be apparent to one 
skilled in the art that homologs of this gene may noW be 
cloned from other species, such as the rat or the mouse, by 
standard cloning methods. Such homologs Will be useful in 
the production of animal models of HCC. 

To facilitate the detection of point mutations in liver and 
other cancers that exhibit alteration at region 8p12—22, the 
human DLC-1 gene Was cloned and the intron/exon 
sequences characteriZed (Seq. I.D. Nos. 14—19 and FIG. 9). 
Human DLC-1 is approximately 25 kb, and contains 14 

exons. The largest exon is exon 2, at 1.5 kb, While the 
remaining exons are less than 300 bp on average (FIG. 9). 

EXAMPLE 7 

Cloning Mouse DLC-1 

Afull understanding of the function of DLC-1 and its role 
in cancer development is essential. This understanding can 
be facilitated by the generation of knock-out mice, Which 
contain a non-functional DLC-1 gene. Prior to generating 
knock-out mice, the partial cDNA (Seq. I.D. Nos. 26—31) 
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and partial genomic (Seq. I.D. Nos. 20—25) mouse DLC-1 
sequences Were determined. 

Mouse DLC-1 genomic DNA Was cloned and localiZed to 
chromosome 8 by FISH (see above for methods) using a 
mouse DLC-1 genomic DNA clone as the probe. Mouse 
DLC-1 is in a syntenic region of the human DLC-1 gene. 
The localiZation of DLC-1 gene in mice may permit studies 
With in vivo models for carcinogenesis. 

EXAMPLE 8 

Generating Transgenic Mice 

Methods for generating transgenic mice are described in 
Gene Targeting, A. L. Joyuner ed., Oxford University Press, 
1995 and Watson, J. D. et al., Recombinant DNA 2”d 4 Ed., 
W.H. Freeman and Co., NeW York, 1992, Chapter 14. To 
speci?cally generate transgenic mice containing a functional 
deletion of the DLC-1 gene, a 1.5 kb fragment in the front 
of exon 2 and another 5.5 kb fragment spanning from intron 
2 to intron 5 Were used as short arm and long arm, respec 
tively. BetWeen long arm and short arm, the neo gene Was 
introduced, generating the vector shoWn in FIG. 10, referred 
to as the knock-out vector herein. 

Using standard transgenic mouse technology, the vector 
shoWn in FIG. 10 can be used to generate DLC-1 knock-out 
mice by homologous recombination. The knock-out vector 
is introduced into embryonic stem cells (ES cells) by stan 
dard methods Which may include transfection, retroviral 
infection or electroporation (also see Example 11). The 
transfected ES cells expressing the knock-out vector Will 
groW in medium containing the antibiotic G418. The neo 
mycin resistant ES cells Will be microinjected into mouse 
embryos (blastocysts), Which are implanted into the uterus 
of pseudopregnant mice. The litter Will be screened for 
chimeric mice by observing their coat color. Chimeric mice 
are ones in Which the injected ES cells developed into the 
germ line, thereby alloWing transmission of the gene to their 
offspring. The resulting heteroZygotic mice Will be mated to 
generate a homoZygous line of transgenic mice functionally 
deleted for DLC-1 . These homoZygous mice Will then be 
screened phenotypically, for example, their predisposition to 
developing cancer. 

EXAMPLE 9 

Preferred Method of Making the DLC-1 cDNA The 
foregoing discussion describes the original means by Which 
the DLC-1 cDNA Was obtained and also provides the 
nucleotide sequence of this clone. With the provision of this 
sequence information, the polymerase chain reaction (PCR) 
may noW be utiliZed in a more direct and simple method for 
producing the DLC-1 cDNA. 

Essentially, total RNA is extracted from human cells by 
any one of a variety of methods routinely used; Sambrook et 
al. (Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY, 1989) and Ausubel et al. (In Current Protocols 
in Molecular Biology, Greene Publishing Associates and 
Wiley-Intersciences, 1987) provide descriptions of methods 
for RNA isolation. Any human cell line derived from a 
non-DLC-1 deleted individual Would be suitable, such as the 
Widely used HeLa cell line, or the WI-38 human skin 
?broblast cell line available from the American Type Culture 
Collection, Rockville, Md. The extracted RNA is then used 
as a template for performing the reverse transcription 
polymerase chain reaction (RT-PCR) ampli?cation of 
cDNA. Methods and conditions for RT-PCR are described in 
Kawasaki et al. (In PCR Protocols, A Guide to Methods and 
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Applications, Innis et al. (eds.), pp. 21—27, Academic Press, 
Inc., San Diego, Calif, 1990). The selection of PCR primers 
Will be made according to the portions of the cDNA Which 
are to be ampli?ed. Primers may be chosen to amplify small 
segments of a cDNA or the entire cDNA molecule. Varia 
tions in ampli?cation conditions may be required to accom 
modate primers of differing lengths; such considerations are 
Well knoWn in the art and are discussed in Innis et al. (PCR 
Protocols, A Guide to Methods and Applications, Innis et al. 
(eds.), Academic Press, Inc., San Diego, Calif, 1990). The 
entire DLC-1 cDNA molecule may be ampli?ed using the 
folloWing combination of primers: 

5‘ TAT GGG CTC GAG CGG CCG CCC 3‘ (Seq. ID. No. 

3) 
5‘ CGC ACA GTC TTA CAT ATT CCA 3‘ (Seq. ID. No. 

4) The open reading frame of the cDNA molecule may 
be ampli?ed using the folloWing combination of prim 
ers: 

5‘ ATG TGC AGA AAG AAG CCG GAC ACC 3‘ (Seq. 
1.1). No. 5) 

5‘ CCT AGA TTT GGT GTC TTT GGT TTC 3‘ (Seq. ID. 
No. 6) 

These primers are illustrative only; it Will be appreciated by 
one skilled in the art that many different primers may be 
derived from the provided cDNA sequence in order to 
amplify particular regions of these cDNAs. 

EXAMPLE 10 

Sequence Variants of DLC-1 

The nucleotide sequence of the DLC-1 cDNA is set forth 
in SEQ ID NO: 1; the amino acid sequence of the DLC-1 
protein is encoded by that cDNA is set fourth ein SEQ ID 
NO: 2. Having presented the nucleotide sequence of the 
DLC-1 cDNA and the amino acid sequence of the protein, 
this invention noW also facilitates the creation of DNA 
molecules, and thereby proteins, Which are derived from 
those disclosed but Which vary in their precise nucleotide or 
amino acid sequence from those disclosed. Such variants 
may be obtained through a combination of standard molecu 
lar biology laboratory echniques and the nucleotide 
sequence information disclosed by this invention. 

Variant DNA molecules include those created by standard 
DNA mutagenesis techniques, for example, M13 primer 
mutagenesis. Details of these techniques are provided in 
Sambrook et al. (in Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor, NY, 1989, Ch. 15). By the 
use of such techniques, variants may be created Which differ 
in minor Ways from those disclosed. DNA molecules and 
nucleotide sequences Which are derivatives of those speci? 
cally disclosed herein and Which differ from those disclosed 
by the deletion, addition or substitution of nucleotides While 
still encoding a protein Which possesses the functional 
characteristic of the DLC-1 protein are comprehended by 
this invention. A Iso Within the scope of this invention are 
small DNA molecules Which are derived from the disclosed 
DNA molecules. Such small DNA molecules include oligo 
nucleotides suitable for use as hybridiZation probes or 
polymerase chain reaction (PCR) primers. As such, these 
small DNA molecules Will comprise at least a segment of the 
DLC-1 cDNA molecule or the DLC-1 gene and, for the 
purposes of PCR, Will comprise at least a 15 nucleotide 
sequence and, more preferably, a 20—50 nucleotide sequence 
of the DLC-1 cDNA (Seq. ID. No. 1) or the DLC-1 gene 
(Seq. I.D. Nos. 14—19) (i.e., at least 20—50 consecutive 
nucleotides of the DLC-1 cDNA or gene sequences). DNA 
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molecules and nucleotide sequences Which are derived from 
the disclosed DNA molecules as described above may also 
be de?ned as DNA sequences Which hybridiZe under strin 
gent conditions to the DNA sequences disclosed, or frag 
ments thereof. 

Hybridization conditions resulting in particular degrees of 
stringency Will vary depending upon the nature of the 
hybridiZation method of choice and the composition and 
length of the hybridiZing DNA used. Generally, the tem 
perature of hybridiZation and the ionic strength (especially 
the Na+ concentration) of the hybridiZation buffer Will 
determine the stringency of hybridiZation. Calculations 
regarding hybridiZation conditions required for attaining 
particular degrees of stringency are discussed by Sambrook 
et al. (In Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor, NY, 1989 ch. 9 and 11), herein incorporated 
by reference. By Way of illustration only, a hybridiZation 
experiment may be performed by hybridiZation of a DNA 
molecule (for example, a deviation of the DLC-1 cDNA) to 
a target DNA molecule (for example, the DLC-1 cDNA) 
Which has been electrophoresed in an agarose gel and 
transferred to a nitrocellulose membrane by Southern blot 
ting (Southern,J. Mol. Biol. 98:503, 1975), a technique Well 
knoWn in the art and described in Sambrook et al. 
(Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY, 1989). HybridiZation With a target probe 
labeled With [32P]-dCTP is generally carried out in a solution 
of high ionic strength such as 6><SSC at a temperature that 
is 20—25° C. beloW the melting temperature, Tm, described 
beloW. For such Southern hybridization experiments Where 
the target DNA molecule on the Southern blot contains to ng 
of DNA or more, hybridiZation is typically carried out for 
6—8 hours using 1—2 ng/ml radiolabeled probe (of speci?c 
activity equal to 109 CPM/ug or greater). FolloWing 
hybridiZation, the nitrocellulose ?lter is Washed to remove 
background hybridiZation. The Washing conditions should 
be as stringent as possible to remove background hybrid 
iZation but to retain a speci?c hybridiZation signal. The term 
Tm represents the temperature above Which, under the pre 
vailing ionic conditions, the radiolabeled probe molecule 
Will not hybridiZe to its target DNA molecule. The Tm of 
such a hybrid molecule may be estimated from the folloWing 
equation (Bolton and McCarthy, Proc. Natl. Acad. Sc. USA 
4811390, 1962): 

Where l=the length of the hybrid in base pairs. 
This equation is valid for concentrations of Na+ in the 

range of 0.01 M to 0.4 M, and it is less accurate for 
calculations of Tm in solutions of higher [Na+]. The equation 
is also primarily valid for DNAs Whose G+C content is in 
the range of 30% to 75%, and it applies to hybrids greater 
than 100 nucleotides in length (the behavior of oligonucle 
otide probes is described in detail in Ch. II of Sambrook et 
al. (Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY, 1989). 

Thus, by Way of example, for a 150 base pair DNA probe 
derived from the open reading frame of the DLC-1 cDNA 
(With a hypothetical % GC=45%), a calculation of hybrid 
iZation conditions required to give particular stringencies 
may be made as folloWs: 
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For this example, it is assumed that the ?lter Will be 
Washed in 0.3><SSC solution following hybridization, 
thereby: 

Formamide concentration=0 
I=150 base pairs 

4 (600) 
Tm, = 81.5 - l6(logl0[Na ]) + (0.41 X45) - w 

and so Tm=74.4° C. 
The Tm, of double-stranded DNA decreases by 1—1.5° C. 

With every 1% decrease in homology (Bonner et al., J. Mol. 
Biol 81:123, 1973). Therefore, for this given example, 
Washing the ?lter in 0.3><SSC at 59.4—64.4° C. Will produce 
a stringency of hybridiZation equivalent to 90%; that is, 
DNA molecules With more than 10% sequence variation 
relative to the target DLC-1 cDNA Will not hybridiZe. 
Alternatively, Washing the hybridiZed ?lter in 0.3><SSC at a 
temperature of 65.4—68.4° C. Will yield a hybridiZation 
stringency of 94%; that is, DNA molecules With more than 
6% sequence variation relative to the target DLC-1 cDNA 
molecule Will not hybridiZe. The above example is given 
entirely by Way of theoretical illustration. One skilled in the 
art Will appreciate that other hybridiZation techniques may 
be utiliZed and that variations in experimental conditions 
Will necessitate alternative calculations for stringency. 

In particular embodiments of the present invention, strin 
gent conditions may be de?ned as those under Which DNA 
molecules With more than 25% sequence variation (also 
termed “mismatch”) Will not hybridiZe. In a more particular 
embodiment, stringent conditions are those under Which 
DNA molecules With more than 15% mismatch Will not 
hybridiZe, and more preferably still, stringent conditions are 
those under Which DNA sequences With more than 10% 
mismatch Will not hybridiZe. In another embodiment, strin 
gent conditions are those under Which DNA sequences With 
more than 6% mismatch Will not hybridiZe. 

The degeneracy of the genetic code further Widens the 
scope of the present invention as it enables major variations 
in the nucleotide sequence of a DNA molecule While main 
taining the amino acid sequence of the encoded protein. For 
example, the sixteenth amino acid residue of the DLC-1 
protein is alanine. This is encoded in the DLC-1 cDNA by 
the nucleotide codon triplet GCC. Because of the degen 
eracy of the genetic code, three other nucleotide codon 
triplets, GCT, GCG and GCA, also code for alanine. Thus, 
the nucleotide sequence of the DLC-1 cDNA could be 
changed at this position to any of these three codons Without 
affecting the amino acid composition of the encoded protein 
or the characteristics of the protein. The genetic code and 
variations in nucleotide codons for particular amino acids is 
presented in Tables 1 and 2. Based upon the degeneracy of 
the genetic code, variant DNA molecules may be derived 
from the cDNA molecules disclosed herein using standard 
DNA mutagenesis techniques as described above, or by 
synthesis of DNA sequences. DNA sequences Which do not 
hybridiZe under stringent conditions to the cDNA sequences 
disclosed by virtue of sequence variation based on the 
degeneracy of the genetic code are herein also compre 
hended by this invention. 

The invention also includes DNA sequences that are 
substantially identical to any of the DNA sequences dis 
closed herein, Where substantially identical means a 
sequence that has identical nucleotides in at least 75% of the 
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aligned nucleotides, for example 80%, 85%, 90%, 95% or 
98% identity of the aligned sequences. 

TABLE I 

The Genetic Code 

First 
Position Second Position (3' end) Third 

(5' end) T C A G Position 

T Phe Ser Tyr Cys T 
Phe Ser Tyr Cys C 
Leu Ser Stop (och) Stop A 
Leu Ser Stop (amb) Trp G 

C Leu Pro His Arg T 
Leu Pro His Arg C 
Leu Pro Gln Arg A 
Leu Pro Gln Arg G 

A Ile T'hr Asn Ser T 
Ile T'hr Asn Ser C 
Ile T'hr Lys Arg A 
Met T'hr Lys Arg G 

G Val Ala Asp Gly T 
Val Ala Asp Gly C 
Val Ala Glu Gly A 
Val (Met) Ala Glu Gly G 

“Stop (och)” stands for the ochre termination triplet, and “Stop (amb)” for 
the amber. ATG is the most common initiator codon; GTG usually codes 
for valine, but it can also code for methionine to initiate an mRNA chain. 

TABLE 2 

The Degeneracy of the Genetic Code 

Number of Total Number of 
Synonymous Codons Amino Acid Codons 

6 Leu, Ser, Arg 18 
4 Gly, Pro, Ala, Val, Thr 20 
3 Ile 3 
2 Phe, Tyr, Cys, His, Gln, 18 

Glu, Asn, Asp, Lys 
1 Met, Trp _2 

Total number of codons for amino acids 61 
Number of codons for termination _3 

Total number of codons in genetic code 64 

One skilled in the art Will recogniZe that the DNA 
mutagenesis techniques described above may be used not 
only to produce variant DNA molecules, but Will also 
facilitate the production of proteins Which differ in certain 
structural aspects from the DLC-1 protein, yet Which pro 
teins are clearly derivative of this protein and Which main 
tain the essential characteristics of the DLC-1 protein. 
NeWly derived proteins may also be selected in order to 
obtain variations on the characteristic of the DLC-1 protein, 
as Will be more fully described beloW. Such derivatives 
include those With variations in amino acid sequence includ 
ing minor deletions, additions and substitutions. 

While the site for introducing an amino acid sequence 
variation is predetermined, the mutation per se need not be 
predetermined. For example, in order to optimiZe the per 
formance of a mutation at a given site, random mutagenesis 
may be conducted at the target codon or region and the 
expressed protein variants screened for the optimal combi 
nation of desired activity. Techniques for making substitu 
tion mutations at predetermined sites in DNA having a 
knoWn sequence as described above are Well knoWn. 
Amino acid substitutions are typically of single residues; 

insertions usually Will be on the order of about from 1 to 10 
amino acid residues; and deletions Will range about from 1 
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to 30 residues. Deletions or insertions preferably are made 
in adjacent pairs, i.e., a deletion of 2 residues or insertion of 
2 residues. Substitutions, deletions, insertions or any com 
bination thereof may be combined to arrive at a ?nal 
construct. Obviously, the mutations that are made in the 
DNA encoding the protein must not place the sequence out 
of reading frame and preferably Will not create complemen 
tary regions that could produce secondary mRNA structure. 

Substitutional variants are those in Which at least one 
residue in the amino acid sequence has been removed and a 
different residue inserted in its place. Such substitutions 
generally are made in accordance With the folloWing Table 
3 When it is desired to ?nely modulate the characteristics of 
the protein. Table 3 shoWs amino acids Which may be 
substituted for an original amino acid in a protein and Which 
are regarded as conservative substitutions. 

TABLE 3 

Original Residue Conservative Substitutions 

Ala Ser 
Arg Lys 
Asn gln, his 
Asp Glu 
Cys Ser 
Gln Asn 
Glu Asp 
Gly Pro 
His asn; gln 
Ile leu, val 
Leu ile; val 
Lys arg; gln; glu 
Met leu; ile 
Phe met; leu; tyr 
Ser Thr 
Thr Ser 
Trp Tyr 
Tyr trp; phe 
Val ile; leu 

Substantial changes in function or immunological identity 
are made by selecting substitutions that are less conservative 
than those in Table 3, i.e., selecting residues that differ more 
signi?cantly in their effect on maintaining (a) the structure 
of the polypeptide backbone in the area of the substitution, 
for example, as a sheet or helical conformation, (b) the 
charge or hydrophobicity of the molecule at the target site, 
or (c) the bulk of the side chain. The substitutions Which in 
general are expected to produce the greatest changes in 
protein properties Will be those in Which (a) a hydrophilic 
residue, e.g., seryl or threonyl, is substituted for (or by) a 
hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl, 
valyl or alanyl; (b) a cysteine or proline is substituted for (or 
by) any other residue; (c) a residue having an electropositive 
side chain, e.g., lysyl, arginyl, or histadyl, is substituted for 
(or by) an electronegative residue, e. g., glutamyl or aspartyl; 
or (d) a residue having a bulky side chain, e.g., 
phenylalanine, is substituted for (or by) one not having a 
side chain, e.g., glycine. 

The effects of these amino acid substitutions or deletions 
or additions may be assessed for derivatives of the DLC-1 
protein by assays in Which DNA molecules encoding the 
derivative proteins are transfected into DLC-1 cells using 
routine procedures. 

The DLC-1 gene, DLC-1 cDNA, DNA molecules derived 
therefrom and the protein encoded by the cDNA and deriva 
tives thereof may be utiliZed in aspects of both the study of 
HCC and for diagnostic and therapeutic applications related 
to HCC. Utilities of the present invention include, but are not 
limited to, those utilities described in the examples pre 
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sented herein. Those skilled in the art Will recogniZe that the 
utilities herein described are not limited to the speci?c 
experimental modes and materials presented and Will appre 
ciate the Wider potential utility of this invention. 

EXAMPLE 11 

Expression of DLC-1 cDNA Sequences 

With the provision of the DLC-1 cDNA (Seq. ID. No. I), 
the expression and puri?cation of the DLC-1 protein by 
standard laboratory techniques is noW enabled. The puri?ed 
protein may be used for functional analyses, antibody 
production, diagnostics and patient therapy. Furthermore, 
the DNA sequence of the DLC-1 cDNA can be manipulated 
in studies to understand the expression of the gene and the 
function of its product. Mutant forms of the DLC-1 may be 
isolated based upon information contained herein, and may 
be studied in order to detect alteration in expression patterns 
in terms of relative quantities, tissue speci?city and func 
tional properties of the encoded mutant DLC-1 protein. 
Partial or full-length cDNA sequences, Which encode for the 
subject protein, may be ligated into bacterial expression 
vectors. Methods for expressing large amounts of protein 
from a cloned gene introduced into Escherichia coli coli) 
may be utiliZed for the puri?cation, localiZation and func 
tional analysis of proteins. For example, fusion proteins 
consisting of amino terminal peptides encoded by a portion 
of the E. coli lacZ or trpE gene linked to DLC-1 proteins 
may be used to prepare polyclonal and monoclonal antibod 
ies against these proteins. Thereafter, these antibodies may 
be used to purify proteins by immunoaf?nity 
chromatography, in diagnostic assays to quantitate the levels 
of protein and to localiZe proteins in tissues and individual 
cells by immuno?uorescence. 

Intact native protein may also be produced in E. coli in 
large amounts for functional studies. Methods and plasmid 
vectors for producing fusion proteins and intact native 
proteins in bacteria are described in Sambrook et al. (In 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY, 1989, ch. 17) herein incorporated by reference. 
Such fusion proteins may be made in large amounts, are easy 
to purify, and can be used to elicit antibody response. Native 
proteins can be produced in bacteria by placing a strong, 
regulated promoter and an efficient ribosome binding site 
upstream of the cloned gene. If loW levels of protein are 
produced, additional steps may be taken to increase protein 
production; if high levels of protein are produced, puri?ca 
tion is relatively easy. Suitable methods are presented in 
Sambrook et al. (Molecular Cloning.'A Laboratory Manual, 
Cold Spring Harbor, NY, 1989) and are Well knoWn in the 
art. Often, proteins expressed at high levels are found in 
insoluble inclusion bodies. Methods for extracting proteins 
from these aggregates are described by Sambrook et al. (In 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY, 1989, ch. 17). Vector systems suitable for the 
expression of lacZ fusion genes include the pUR series of 
vectors (Ruther and Muller-Hill, EMBO J. 2:1791, 1983), 
pEX 1—3 (Stanley and LuZio, EMBO J. 3:1429, 1984) and 
pMR100 (Gray et al., Proc. Natl. Acad. Sci. USA 7916598, 
1982). Vectors suitable for the production of intact native 
proteins include pKC30 (Shimatake and Rosenberg, Nature 
292:128, 1981), pKK177-3 (Amann and Brosius, Gene 
401183, 1985) and pET-3 (Studiar and Moffatt, J. Mol. Biol. 
189:113, 1986). DLC-1 fusion proteins may be isolated from 
protein gels, lyophiliZed, ground into a poWder and used as 
an antigen. The DNA sequence can also be transferred from 
its existing context in pREP4 to other cloning vehicles, such 
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as other plasmids, bacteriophages, cosmids, animal viruses 
and yeast arti?cial chromosomes (YACs) (Burkeet al., Sci 
ence 236:806—12, 1987). These vectors may then be intro 
duced into a variety of hosts including somatic cells, and 
simple or complex organisms, such as bacteria, fungi 
(Timberlake and Marshall, Science 244:1313—7, 1989), 
invertebrates, plants (Gasser and Fraley, Science 244:1293, 
1989), and pigs (Pursel et al., Science 244:1281—8, 1989), 
Which cell or organisms are rendered transgenic by the 
introduction of the heterologous DLC-1 cDNA. 

For expression in mammalian cells, the cDNA sequence 
may be ligated to heterologous promoters, such as the simian 
virus (SV) 40, promoter in the pSV2 vector (Mulligan and 
Berg, Proc. Natl. Acad. Sci. USA 78:2072—6, 1981), and 
introduced into cells, such as monkey COS-1 cells 
(GluZman, Cell 23:175—182, 1981), to achieve transient or 
long-term expression. The stable integration of the chimeric 
gene construct may be maintained in mammalian cells by 
biochemical selection, such as neomycin (Southern and 
Berg, J. Mot. Appl. Genet. 1:32741, 1982) and mycophe 
nolic acid (Mulligan and Berg, Proc. Natl. Acad. Sci. USA 
78:2072—6, 1981). 
DNA sequences can be manipulated With standard pro 

cedures such as restriction enZyme digestion, ?ll-in With 
DNA polymerase, deletion by exonuclease, extension by 
terminal deoxynucleotide transferase, ligation of synthetic 
or cloned DNA sequences, site-directed sequence-alteration 
via single-stranded bacteriophage intermediate or With the 
use of speci?c oligonucleotides in combination With PCR. 

The cDNA sequence (or portions derived from it) or a 
mini gene (a cDNA With an intron and its oWn promoter) 
may be introduced into eukaryotic expression vectors by 
conventional techniques. These vectors are designed to 
permit the transcription of the cDNA in eukaryotic cells by 
providing regulatory sequences that initiate and enhance the 
transcription of the cDNA and ensure its proper splicing and 
polyadenylation. Vectors containing the promoter and 
enhancer regions of the SV40 or long terminal repeat (LTR) 
of the Rous Sarcoma virus and polyadenylation and splicing 
signal from SV40 are readily available (Mulligan and Berg, 
Proc. Natl. Acad. Sci. USA 78:2072—6, 1981; Gorman et al., 
Proc. Natl. Acad Sci USA 78:6777—6781, 1982). The level of 
expression of the cDNA can be manipulated With this type 
of vector, either by using promoters that have different 
activities (for example, the baculovirus pAC373 can express 
cDNAs at high levels in S. fragipera'a cells (Summers and 
Smith, In: GeneticallyAltered Wrases and the Environment, 
Fields et al. (Eds.) 22:319—328, Cold Spring Harbor Labo 
ratory Press. Cold Spring Harbor, NeW York, 1985) or by 
using vectors that contain promoters amenable to 
modulation, for example, the glucocorticoid-responsive pro 
moter from the mouse mammary tumor virus (Lee et al., 
Nature 294:228, 1982). The expression of the cDNA can be 
monitored in the recipient cells 24 to 72 hours after intro 
duction (transient expression). 

In addition, some vectors contain selectable markers such 
as the gpt (Mulligan and Berg, Proc. Natl. Acad. Sci. USA 
78:2072—6, 1981) or neo (Southern and Berg, J. Mot Appl. 
Genet. 1:327—41, 1982) bacterial genes. These selectable 
markers permit selection of transfected cells that exhibit 
stable, long-term expression of the vectors (and therefore the 
cDNA). The vectors can be maintained in the cells as 
episomal, freely replicating entities by using regulatory 
elements of viruses such as papilloma (Sarver et al., Mol. 
Cell Biol. 1:486, 1981) or Epstein-Barr (Sugden et al., Mol 
Cell Biol. 5:410, 1985). Alternatively, one can also produce 
cell lines that have integrated the vector into genomic DNA. 
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Both of these types of cell lines produce the gene product on 
a continuous basis. One can also produce cell lines that have 
ampli?ed the number of copies of the vector (and therefore 
of the cDNA as Well) to create cell lines that can produce 
high levels of the gene product (Alt et al., J. Biol. Chem. 
253:1357, 1978). 
The transfer of DNA into eukaryotic, in particular human 

or other mammalian cells, is noW a conventional technique. 
The vectors are introduced into the recipient cells as pure 
DNA (transfection) by, for example, precipitation With cal 
cium phosphate (Graham and vander Eb, Virology 52:466, 
1973) or strontium phosphate (Brash et al., Mol. Cell Biol 
7:2013, 1987), electroporation (Neumann et al., EMBO J. 
1:841, 1982), lipofection (Felgner et al., Proc. Natl. Acad Sci 
USA 84:7413, 1987), DEAE dextran (McCuthan et al., J. 
Natl. Cancer Inst. 41:351, 1968), microinjection (Mueller et 
al., Cell 15:579, 1978), protoplast fusion (Schafner, Proc. 
Natl. Acad. Sci. USA 77:2163—7, 1980), or pellet guns (Klein 
et al., Nature 327:70, 1987). Alternatively, the cDNA can be 
introduced by infection With virus vectors. Systems are 
developed that use, for example, retroviruses (Bernstein et 
al., Gen. Engrg. 7:235, 1985), adenoviruses (Ahmad et al., 
J. Virol. 57:267, 1996), or Herpes virus (Spaete et al, Cell 
30:295, 1982). 

These eukaryotic expression systems can be used for 
studies of the DLC-1 gene and mutant forms of this gene, the 
DLC-1 protein and mutant forms of this protein. Such uses 
include, for example, the identi?cation of regulatory ele 
ments located in the 5‘ region of the DLC-1 gene on genomic 
clones that can be isolated from human genomic DNA 
libraries using the information contained in the present 
invention. The eukaryotic expression systems may also be 
used to study the function of the normal complete protein, 
speci?c portions of the protein, or of naturally occurring or 
arti?cially produced mutant proteins. 

Using the above techniques, the expression vectors con 
taining the DLC-1 gene sequence or fragments or variants or 
mutants thereof can be introduced into human cells, mam 
malian cells from other species or non-mammalian cells as 
desired. The choice of cell is determined by the purpose of 
the treatment. For example, monkey COS cells (GluZman. 
Cell 23: 175—182, 1981) that produce high levels of the SV40 
T antigen and permit the replication of vectors containing 
the SV40 origin of replication may be used. Similarly, 
Chinese hamster ovary (CHO), mouse NIH 3T3 ?broblasts 
or human ?broblasts or lymphoblasts (as described herein) 
may be used. 

The folloWing is provided as one exemplary method to 
express DLC-1 polypeptide from the cloned DLC-1 cDNA 
sequences in mammalian cells. Cloning vector pXTI, com 
mercially available from Stratagene, contains the Long 
Terminal Repeats (LTRs) and a portion of the GAG gene 
from Moloney Murine Leukemia Virus. The position of the 
viral LTRs alloWs highly ef?cient, stable transfection of the 
region Within the LTRs. The vector also contains the Herpes 
Simplex Thymidine Kinase promoter (TK), active in 
embryonal cells and in a Wide variety of tissues in mice, and 
a selectable neomycin gene conferring G418 resistance. TWo 
unique restriction sites Bg/II and XhoI are directly doWn 
stream from the TK promoter. DLC-1 cDNA, including the 
entire open reading frame for the DLC-1 protein and the 3‘ 
untranslated region of the cDNA is cloned into one of the 
tWo unique restriction sites doWnstream from the promoter. 
The ligated product is transfected into mouse NIH 3T3 

cells using Lipofectin (Life Technologies, Inc.) under con 
ditions outlined in the product speci?cation. Positive trans 
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fectants are selected after growing the transfected cells in 
600 ug/ml G418 (Sigma, St. Louis, M0.) The protein is 
released into the supernatant and may be puri?ed by stan 
dard immunoaffinity chromatography techniques using anti 
bodies raised against the DLC-1 protein, as described beloW. 

Expression of the DLC-1 protein in eukaryotic cells may 
also be used as a source of proteins to raise antibodies. The 
DLC-1 protein may be extracted folloWing release of the 
protein into the supernatant as described above, or, the 
cDNA sequence may be incorporated into a eukaryotic 
expression vector and expressed as a chimeric protein With, 
for example, [3-globin. Antibody to [3-globin is thereafter 
used to purify the chimeric protein. Corresponding protease 
cleavage sites engineered betWeen the [3-globin gene and the 
cDNA are then used to separate the tWo polypeptide frag 
ments from one another after translation. One useful expres 
sion vector for generating [3-globin chimeric proteins is 
pSG5 (Stratagene). This vector encodes rabbit [3-globin. 

The present invention thus encompasses recombinant 
vectors Which comprise all or part of the DLC-1 gene or 
cDNA sequences, for expression in a suitable host. The 
DLC-1 DNA is operatively linked in the vector to an 
expression control sequence in the recombinant DNA mol 
ecule so that the DLC-1 polypeptide can be expressed. The 
expression control sequence may be selected from the group 
consisting of sequences that control the expression of genes 
of prokaryotic or eukaryotic cells and their viruses and 
combinations thereof. The expression control sequence may 
be speci?cally selected from the group consisting of the lac 
system, the trp system, the tac system, the trc system, major 
operator and promoter regions of phage lambda, the control 
region of fd coat protein, the early and late promoters of 
SV40, promoters derived from polyoma, adenovirus, 
retrovirus, baculovirus and simian virus, the promoter for 
3-phosphoglycerate kinase, the promoters of yeast acid 
phosphatase, the promoter of the yeast alpha-mating factors 
and combinations thereof. 

The host cell, Which may be transfected With the vector of 
this invention, may be selected from the group consisting of 
E-coli, Pseudomonas, Bacillus subtilis, Bacillus stearother 
mophilus or other bacilli; other bacteria; yeast; fungi; insect; 
mouse or other animal; or plant hosts; or human tissue cells. 

It is appreciated that for mutant or variant DLC-1 DNA 
sequences, similar systems are employed to express and 
produce the mutant product. 

EXAMPLE 12 

Production of an Antibody to DLC-1 Protein 

Monoclonal or polyclonal antibodies may be produced to 
either the normal DLC-1 protein or mutant forms of this 
protein. Optimally, antibodies raised against the DLC-1 
protein Would speci?cally detect the DLC-1 protein. That is, 
such antibodies Would recogniZe and bind the DLC-1 pro 
tein and Would not substantially recogniZe or bind to other 
proteins found in human cells. The determination that an 
antibody speci?cally detects the DLC-1 protein is made by 
any one of a number of standard immunoassay methods; for 
instance, the Western blotting technique (Sambrook et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY, 1989). To determine that a given antibody 
preparation (such as one produced in a mouse) speci?cally 
detects the DLC-1 protein by Western blotting, total cellular 
protein is extracted from human cells (for example, 
lymphocytes) and electrophoresed on a sodium dodecyl 
sulfate-polyacrylamide gel. Tte proteins are then transferred 
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to a membrane (for example, nitrocellulose) by Western 
blotting, and the antibody preparation is incubated With the 
membrane. After Washing the membrane to remove non 
speci?cally bound antibodies, the presence of speci?cally 
bound antibodies is detected by the use of an anti-mouse 
antibody conjugated to an enZyme such as alkaline phos 
phatase; application of the substrate 5-bromo-4-chloro-3 
indolyl phosphate/nitro blue tetraZolium results in the pro 
duction 0.25 of a dense blue compound by immuno 
localiZed alkaline phosphatase. Antibodies Which 
speci?cally detect the DLC-1 protein Will, by this technique, 
be shoWn to bind to the DLC-1 protein band (Which Will be 
localiZed at a given position on the gel determined by its 
molecular Weight). Non-speci?c binding of the antibody to 
other proteins may occur and may be detectable as a Weak 
signal on the Western blot. The non-speci?c nature of this 
binding Will be recogniZed by one skilled in the art by the 
Weak signal obtained on the Western blot relative to the 
strong primary signal arising from the speci?c antibody 
DLC-1 protein binding. 

Substantially pure DLC-1 protein suitable for use as an 
immunogen is isolated from transfected or transformed 
cells. Concentration of protein in the ?nal preparation is 
adjusted, for example, by concentration on an Amicon ?lter 
device, to the level of a feW micrograms per milliliter. 
Monoclonal or polyclonal antibody to the protein can then 
be prepared as folloWs: 
Monoclonal Antibody Production by Hybridoma Fusion 

Monoclonal antibody to epitopes of the DLC-1 protein 
identi?ed and isolated as described can be prepared from 
murine hybridomas according to the classical method of 
Kohler and Milstein (Nature 2562495, 1975) or derivative 
methods thereof. Brie?y, a mouse is repetitively inoculated 
With a feW micrograms of the selected protein over a period 
of a feW Weeks. The mouse is then sacri?ced, and the 
antibody-producing cells of the spleen isolated. The spleen 
cells are fused by means of polyethylene glycol With mouse 
myeloma cells, and the excess unfused cells destroyed by 
groWth of the system on selective media comprising ami 
nopterin (HAT media). The successfully fused cells are 
diluted and aliquots of the dilution placed in Wells of a 
microtiter plate Where groWth of the culture is continued. 
Antibody-producing clones are identi?ed by detection of 
antibody in the supernatant ?uid of the Wells by immunoas 
say procedures, such as ELISA, as originally described by 
Engvall (Enzymol. 70:419, 1980), and derivative methods 
thereof. Selected positive clones can be expanded and their 
monoclonal antibody product harvested for use. Detailed 
procedures for monoclonal antibody production are 
described in HarloW and Lane (Antibodies, A Laboratory 
Manual, Cold Spring Harbor Laboratory, NeW York, 1988). 
Polyclonal Antibody Production by ImmuniZation 

Polyclonal antiserum containing antibodies to heterog 
enous epitopes of a single protein can be prepared by 
immuniZing suitable animals With the expressed protein, 
Which can be unmodi?ed or modi?ed to enhance immuno 
genicity. Effective polyclonal antibody production is 
affected by many factors related both to the antigen and the 
host species. For example, small molecules tend to be less 
immunogenic than others and may require the use of carriers 
and adjuvant. Also, host animals vary in response to site of 
inoculations and dose, With both inadequate or excessive 
doses of antigen resulting in loW titer antisera. Small doses 
(ng level) of antigen administered at multiple intradermal 
sites appears to be most reliable. An effective immuniZation 
protocol for rabbits can be found in Vaitukaitis et al. (J . C lin. 
Endocrinol. Metab. 33:988—91, 1971). 














































